Background. Improved noninvasive diagnostic tests for Pneumocystis jirovecii pneumonia (PCP) are needed. We evaluated the test characteristics of plasma (1/3)-b-D-glucan (b-glucan) for HIV-related PCP among a large group of patients presenting with diverse opportunistic infections (OIs).
Pneumocystis jirovecii pneumonia (PCP) remains a common HIV-related opportunistic infection (OI) [1] . Because there is no available culture system for the organism, the diagnosis of PCP requires visualization of P. jirovecii cysts on microscopic examination of respiratory secretions. Noninvasive tests, such as serum lactate dehyrogenase or stains of induced sputum samples have variable sensitivity, and thus, patients may require bronchoalveolar lavage or lung biopsy for definitive diagnosis [2] [3] [4] . Novel tests with greater sensitivity, such as polymerase chain reaction (PCR) of respiratory samples, are potentially promising, but not yet widely available [5] .
(1/3)-b-D-glucan (b-glucan) is a component of the wall of many fungi, including P. jirovecii. In small retrospective studies, serum levels of b-glucan have been found to be elevated in some patients who have both HIV-and non-HIV-related PCP [6] [7] [8] . We sought to evaluate the test characteristics of blood levels of b-glucan for PCP in the study population from AIDS Clinical Trials Group (ACTG) study A5164, which enrolled patients presenting with a wide range of HIV-related OIs.
METHODS
The study objectives were to outline the range of values for b-glucan in a group of HIV-infected patients presenting with diverse acute OIs, describe the test performance characteristics of b-glucan in patients with confirmed and probable PCP, and characterize the spectrum of other infectious diagnoses associated with elevated levels of b-glucan in HIVinfected patients.
The study population consisted of the 282 participants enrolled in ACTG A5164. ACTG A5164 was a strategy study of early versus deferred antiretroviral therapy in participants with acute AIDS-related OIs; the study was conducted from May 2003 through August 2007. Primary and secondary results are published elsewhere [9, 10] .
Before this analysis, the diagnosis of PCP was independently adjudicated by 2 study investigators (AZ and PG) after reviewing reports from study sites. ACTG A5164 entry criteria included participants with both confirmed and probable PCP. The ACTG definition of confirmed PCP was (1) a history (within the past 3 months) of shortness of breath, dyspnea on exertion, cough, or fever; and (2) histological or cytological evidence of P. jirovecii in a bronchoalveolar lavage, lung biopsy, or sputum specimen. Probable PCP required meeting all 3 of the following criteria: (1) a history (within the past 3 months) of shortness of breath, dyspnea on exertion, cough, or fever; (2) abnormal chest radiograph (or CT scan) or hypoxemic arterial blood gas partial pressure of oxygen value ,80 mm Hg or alveolararterial oxygen difference .15 mm Hg on room air; and (3) specific anti-pneumocystis therapy initiation. If study sites did not indicate whether PCP was probable or confirmed, the study participant was considered to have probable PCP.
Potential participants with certain HIV-related OIs were excluded from ACTG A5164 if these diagnoses were suspected or confirmed at study screening. These included tuberculosis, because of concerns about drug-drug interactions with antiretroviral drugs, and several OIs that require antiretroviral therapy for treatment (eg, progressive multifocal leukoencephalopathy, AIDS-related dementia, and cryptosporidiosis). Oropharyngeal candidiasis alone was not sufficient for entry in the study because of its generally favorable prognosis, but if present at study entry, the diagnosis was noted on case report forms. At study outset, participants receiving care in intensive care units were excluded; study enrollment criteria were modified to allow such persons to enter if they were able to provide informed consent. Participants were required to be able to take oral medications.
Stored plasma samples from each patient obtained at entry in the study were sent for b-glucan testing at Associates of Cape Cod (Fungitell Assay; Falmouth, MA). Reference values of the assay are as follows: negative, , 60 pg/mL; indeterminate, 60-79 pg/mL; and positive, R80 pg/mL. For calculation of sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV), b-glucan was categorized as positive (R80 pg/mL) or negative (,80 pg/mL). Values ,31 pg/mL were censored at 31 pg/mL; those . 500 pg/mL were censored at 500 pg/mL.
STATISTICAL METHODS
Comparisons of continuous and ordered categorical variables between groups were conducted with the Wilcoxon rank sum test. Categorical variables were summarized using the frequency in each category and column percentages. Comparisons of categorical variables between groups were conducted using Fisher's exact tests.
Sensitivity, specificity, NPV, and PPV were calculated to assess test diagnostics of b-glucan for the ACTG A5164 study population. Sensitivity was defined as the percentage of persons with PCP who were correctly identified as having PCP by b-glucan level. Specificity was the percentage of persons without PCP who were correctly identified as not having PCP by b-glucan. NPV was the percentage of persons with a negative b-glucan test result who did not have PCP, whereas the PPV was the percentage of persons with a positive b-glucan test result who had PCP.
Confidence intervals (CIs) for the test diagnostics were calculated using exact binomial methods. A receiver-operator curve was presented for b-glucan as a diagnostic tool for PCP. A P value ,.05 was considered to be statistically significant. Because this was an exploratory analysis secondary to the parent study A5164, results were not adjusted for multiple comparisons.
RESULTS
A total of 252 (89%) of the 282 study participants had an analyzable b-glucan result. Nine persons did not have samples available for testing, and 21 samples did not return a valid result. In 20 of these samples, the reason for uninterpretable results was optical artifact; the remaining sample was hemolyzed. The demographic and clinical characteristics of the study population are shown in Table 1 . The participants had advanced HIVrelated immunosuppresion, with a median CD4 lymphocyte count of 26 cells/lL (interquartile range [IQR], 10-53 cells/lL) and a plasma HIV RNA level of 5.02 log copies/mL (IQR, 4.69-5.60 log copies/lL). The most common qualifying OI was PCP (69%), followed by cryptococcal meningitis (14%) and bacterial pneumonia (9%). Participants with all forms of oropharyngeal candidiasis were combined; 44% of persons had oral or esophageal candidiasis at study entry, in addition to a qualifying OI.
Participants received a median of 11 days (IQR, 9-13 d) of OI treatment before study entry. Table 2 shows b-glucan levels in participants with and without PCP. A statistically significant difference in b-glucan levels was not observed between confirmed and probable cases of PCP (P 5 .81), nor was a suggestion of a trend observed. The median b-glucan level in persons with PCP was 408 pg/mL (IQR, 209-500 pg/mL), with 92% of persons having a positive result (R80 pg/mL). In persons without PCP, the median b-glucan level was 37 pg/mL (IQR, 31-235 pg/mL), with 35% having a positive result. Both continuous and ordered categorical b-glucan levels were different in persons with and without PCP (both P , .001). The results are displayed visually in Figure 1 . In contrast, no statistically significant difference was seen in the proportion of participants with elevated (.400 IU/mL) levels of lactic dehydrogenase in those with and without PCP (24% vs 19%; P 5 .41). Levels of b-glucan did not significantly differ depending on the number of days of OI treatment before study entry. There was no statistically significant association between b-glucan levels and use of adjunctive corticosteroids (Wilcoxon rank sum, P 5 .70) or the composite outcome of new OI or death (Wilcoxon rank sum, P 5 .60). Table 3 shows b-glucan results in those with and without PCP with use of the 80 pg/mL threshold for positivity; Table 4 uses these results to calculate the sensitivity, specificity, PPV, and NPV of b-glucan for the diagnosis of PCP. The sensitivity of the test was 92% (95% CI, 87%-96%), and the specificity was 65% (95% CI, 53%-75%); for the ACTG 5164 population, this yielded a PPV of 85% (95% CI, 79%-90%) and an NPV of 80% (95% CI, 68%-89%). The receiver-operator curve for b-glucan as a diagnostic tool for PCP is shown in Figure 2 .
b-glucan results were analyzed with respect to non-PCP infections present at study entry. The only OI besides PCP in which more than half of persons with the OI had a positive b-glucan result was oral and esophageal candidiasis (89 [79%] of 112). However, the relationship between oral and/or esophageal candidiasis and elevated b-glucan level was not statistically significant (P 5 .14, Fisher's exact test), as 91 of the 112 participants with oral and/or esophageal candidiasis also had PCP. Among the 21 persons without PCP who had oral and/or esophageal candidiasis, b-glucan was positive for 5 (P 5 .287, Fischer's exact test). By contrast, 6 of 8 participants without PCP who had histoplasmosis had a positive b-glucan level (P 5 .021, Fisher's exact test); these cases accounted for 21% of persons without PCP who had a positive b-glucan level.
Seventy-seven (45%) of 173 study participants with PCP had levels of b-glucan .500 pg/mL, the upper limit of the assay. An additional 12 participants had a b-glucan level .500 pg/mL and did not have PCP at study entry. Three had histoplasmosis, 5 had cryptococcosis, and 1 received a diagnosis of and was treated for PCP 1 month before entering the study; 2 of the remaining participants had bacterial pneumonia (one also with oral candidiasis), and 1 additional participant had several infections (bacterial gastroenteritis, Mycobacterium avium complex infection, and oral candidiasis). Among the 13 participants with PCP who had a negative b-glucan level, 3 had confirmed PCP, 5 had probable PCP, and in the remainder, the study sites did not specify whether PCP was confirmed or probable.
DISCUSSION
In this study of participants with advanced HIV-related immunosuppresion presenting with diverse OIs, blood levels of b-glucan were strongly associated with the diagnosis of PCP. The b-glucan test had a 92% sensitivity for PCP, even though study participants had been receiving antimicrobial therapy for a median of 11 days before enrolling in the study. This sensitivity compares favorably to that reported for induced sputum examination at some clinical centers [2, [11] [12] [13] [14] .
Because b-glucan is not a species-specific marker for P. jirovecii, the specificity in this patient population of 65% for b-glucan was, not surprisingly, lower than that of stains of induced sputum (99%). Other invasive fungal infections that may trigger a positive test include candidemia, aspergillosis, fusariosis, trichosporiosis, and histoplasmosis [15] [16] [17] . Although a high proportion of study participants with oral candidiasis had a positive b-glucan level, much of this positivity was in the background of high rates of concomitant PCP among persons with thrush or esophagitis. The strong association between PCP and oral or esophageal candidiasis dates back to the early days of the HIV epidemic [18] . Our study results found that certain persons with histoplasmosis and cryptococcosis, 2 other frequently occurring HIVrelated invasive fungal infections, had elevated levels of b-glucan. Indeed, in this study, elevated b-glucan levels were significantly associated with histoplasmosis (but not cryptococcosis) in those who did not have PCP. b-glucan is known to be produced by Histoplasma capsulatum, and Cryptococcus species produce it at very low levels [19] ; the b-glucan test cannot reliably diagnose the latter. In our study, b-glucan level was elevated in 11 of 35 cryptococcal cases; 3 of these study participants also had PCP. Prior studies of b-glucan as a diagnostic test have also reported variable rates of positivity for individuals with cryptococcal disease. For example, Obayashi et al [20] found that b-glucan level was elevated in 5 of 6 cases of cryptococcosis; by contrast, Ostrosky-Zeichner et al [17] reported that only 2 of 12 patients with cryptococcus had a positive b-glucan level. Accordingly, the appearance of serum b-glucan positivity in the 8 of 32 persons with cryptococcus lacking PCP is similar to the rates observed by others. In cases in which clinicians might be considering both the diagnosis of PCP and either histoplasmosis or cryptococcosis, the definitive diagnosis of the latter 2 could readily be confirmed or ruled out through use of specific antigen testing [21] . Other non-PCP causes of elevated b-glucan level have been reported, most notably hemodialysis, administration of immunoglobulins, and certain antimicrobial drugs [7, [22] [23] [24] .
The strong association of b-glucan with HIV-related PCP could have significant clinical implications, especially in settings where the induced sputum examination for PCP is unavailable or has a low sensitivity. Even with the availability of effective antiretroviral therapy, PCP remains one of the most common HIV-related OIs, ranking second behind only esophageal candidiasis in a recent large prospective study [1] . However, definitive diagnosis of PCP is challenging for several reasons [25] . First, the clinical presentation, physical examination, and laboratory and imaging characteristics may overlap with other processes; second, the organism cannot be cultured in clinical laboratories; and third, visualization of the organism in respiratory secretions requires special staining techniques.
Guidelines issued for management of HIV-related OIs recommend that a specific diagnosis of PCP be obtained over treating the disease presumptively [21] . However, because PCP can be difficult to diagnose definitively without broncheoalveolar lavage specimen examination, some clinicians may elect to treat empirically without confirmation. These study results suggest that b-glucan can be a helpful adjunctive test for PCP, with a negative value strongly supporting alternative diagnoses and the value of a positive result highly dependent on clinicians' assessment of the prior probability of PCP from the clinical presentation. Indeed, since introducing b-glucan testing at our institution, we have found that b-glucan testing has increased the yield of PCP diagnoses, reduced the number of cases treated empirically, and reduced the need for bronchoscopy [7, 26, 27] .
With the introduction of any new diagnostic test, it is important to consider both its relative test performance and practical issues, such as turnaround time and cost. The b-glucan assay done in this study is performed 5 days per week in a reference laboratory at a cost of $105 per test. By comparison, our institutional cost of an induced sputum examination with immunofluorescent stain for the organism is $125, not including personnel costs for obtaining the specimen. One limitation of the induced sputum procedure is that the test performance is highly operator dependent [5, 28] , requiring patient preparation and cooperation, trained respiratory staff to obtain the specimen, and an experienced microbiology laboratory to visualize the organism on special stains. These characteristics likely account for the wide range of reported sensitivities for the induced sputum test published in the literature. One systematic review summarizing 7 prospective studies with paired induced sputum and broncheoalveolar lavage samples reported a sensitivity of only 55% [2] . By contrast, an early series of 51 patients (19 with PCP) cited a sensitivity of 95% with use of a highly standardized protocol [4] . It is possible that expertise in and resources allotted to diagnosing PCP by induced sputum specimens have decreased with the decrease in incidence of this OI [1] .
To our knowledge, this is the largest study of a novel diagnostic test for PCP among HIV-infected individuals, with a substantially greater sample size than studies of PCR [29, 30] . An additional strength of this study is our ability to apply the findings to participants presenting with a broad range of opportunistic illnesses, not only to participants in whom the diagnosis of PCP or other respiratory illnesses are being considered [31] . Potential limitations include lack of complete information on whether PCP was confirmed or presumed and our inability to obtain a result on a subset of participants with PCP. However, we did not find a statistically significant difference in b-glucan levels between confirmed and presumed cases, suggesting that, at least in ACTG A5164 volunteers, the difference between confirmed and presumed PCP may reflect practice patterns at individual sites rather than true biologic differences. Eligible patients for the study had to be able to take oral medications, and those in whom tuberculosis was being considered as a diagnosis were excluded. These eligibility criteria could limit the generalizability of our findings.
In summary, in a group of clinical trial participants with varied HIV-related OIs, we found that plasma b-glucan level was strongly associated with the diagnosis of PCP. For settings where noninvasive testing for PCP is either insensitive or not readily available, clinicians could consider incorporating b-glucan testing in their diagnostic approach when evaluating patients with HIV infection who have respiratory infection.
